Abstract
INTRODUCTION
Riparian vegetation provides corridors and habitat for a variety of species and plays a key role in channel hydraulics, sediment transport and nutrient filtration (Naiman and Décamps 1997) . Degradation of riparian forests has been associated with several anthropogenic factors, including selective logging, agriculture expansion, fire, grazing and invasive species. A system of particular importance in this regard is the gallery forests in the Cerrado (Brazilian savanna). The Cerrado comprises 2.04 × 10 6 km 2 , or 24% of the country (Sano et al. 2010) , and is the largest, richest and possibly most threatened tropical savanna in the world (Cabral et al. 2015; Silva and Bates 2002) , ranked among the 35 most important terrestrial biodiversity hotspots (Marchese 2015; Myers et al. 2000) . These gallery forests have strong floristic link to both neighboring forest domains, Amazonian and Atlantic Brazilian Forest (Oliveira-Filho et al. 1995) . Redford and Fonseca (1986) also showed that the composition of mammal species in gallery forests is very similar to that of both the Amazon and Atlantic rain forests and gallery forests are important to shelter transiting species.
Soils and topography are considered the major ecological drivers of structure and species composition of gallery forests (van den Berg and Oliveira-Filho 1999; van den Berg and Santos 2003; Coelho et al. 2016; Oliveira-Filho et al. 1994a, b) . Gallery forests have high internally heterogeneous dynamics normally associated with the topographic gradient existent between the water course and forest edges, with light availability increasing and soil moisture decreasing towards the edges (Coelho et al. 2016; Felfili 1995; Homeier et al. 2010; Kellman et al. 1998; Rodrigues et al. 2000; Warren et al. 2016) . Van den Berg and Santos (2003) , measuring canopy opening in gallery forests, found that canopy opening is usually much higher towards the edge, where temperature, light and wind exposure are also higher (Davies-Colley et al. 2000) . The topographic gradient in these forests also tends to correlate with variation of a set of interrelated environmental factors (e.g. soil properties), which are difficult to disentangle (Homeier et al. 2010) . Soil properties are crucial to determine species composition, which consequently relates to the forest structure and dynamics (van den Berg and Oliveira-Filho 1999; Rodrigues et al. 2000) .
Disturbances directly affect productivity, biodiversity, sediment transport and recruitment in riparian forests (Giese et al. 2003; Likens 2010) . Moreover, disturbance processes contribute to modifying vegetation patterns and soil-plant nutrient exchange at different scales (Chua et al. 2013; Gloor et al. 2009) reducing the predictability of the relationship between forest features, soil and topographic variables. However, predicting disturbance responses on carbon stocks and dynamics in gallery forests becomes even more complex, since those forests show considerable variation following the previously described environmental conditions. A main question associated with changes in tropical forests after disturbance is how the structure and dynamics vary across the space and over time. This question is particularly obscure for gallery forests in Cerrado, since there is no study from our understanding that attempts to quantify the effects of disturbance on this complex ecosystem.
This paper seeks to disentangle the influences of disturbance caused by both natural causes and logging, seven chemical and physical soil properties and topographic variation on carbon stocks, as well as carbon productivity, mortality and recruitment of new individuals in a gallery forest in the Brazilian Cerrado. Using structural equation modeling (SEM), we answered the following questions on the relative contribution of each of the variables driving forest structure and dynamics: (i) Do logging have a lasting impact after 11 years on forest structure and dynamics? (ii) Does the gradient edge-river affect carbon stocks and tree dynamics? (iii) What are the most important factors driving carbon stocks? (iv) What are the most important factors driving mortality, recruitment and carbon productivity? Considering that growth increases with resource availability, we expected that carbon stocks would be higher in areas closer to the river and less disturbed areas, whilst dynamics would be more accelerated in areas closer to the edges and more disturbed forests as light availability increases Dauber et al. 2005) .
METHODS

Study site and data collection
The study area (Fig. 1) is a non-flooded gallery forest located along a stream in the South of Minas Gerais State within the Brazilian Cerrado. Its central latitude and longitude are, respectively, at 21°27ʹ03ʺS and 44°39ʹ17ʺW, and an average elevation of 1215 m. In 2004, 36 plots (10 × 30 meters) were systematically established in the area with their longer sides parallel to the stream. We distributed 12 plots in the forest edges in contact with the surrounding natural grasslands ("Edge"), 12 in an intermediate section between the edges and the streamside ("Middle") and 12 plots on the streamside ("Streamside"). This sampling design aimed to evaluate the three different conditions along the topographic gradient existent in Cerrado gallery forests from the streamside to the edges (van den Berg and Oliveira-Filho 1999; van den Berg and Santos 2003) . According to the land proprietors, the area was partially disturbed by selective logging in 1997, but they were unable to specify further details about how the process occurred. The logging impacts could be observed by the presence of bamboos, lianas and tree stumps in areas downwards the stream where 18 plots were established.
We measured the diameter of all trees with DBH (diameter at 1.3 meters above the ground) ≥5 cm and visually estimated tree heights in meters 'by eye'. In 2008, four years after the first forest inventory, we carried out a second survey using the same criteria. We measured all the recruits (individuals that reached the minimum DBH during the interval) and measured all the surviving trees. Trees that died between the two surveys were also registered.
The allometric equation in Chave et al. (2014) was used for all trees excluding palms. Aboveground biomass for palms was estimated using the specific equations in Nelson et al. (1999) as they have different growth forms. Speciesspecific wood densities were obtained from the Global Wood Density Database dryad data package (Zanne et al. 2009 ). When species specific data were not available, estimates were calculated by averaging the wood densities of other species within the closest taxonomic level (Flores and Coomes 2011) . Carbon was assumed to account for 47.4% of the total biomass in aboveground living biomass as in Martin and Thomas (2011) .
The uncertainties in the carbon estimates are due to (i) the measurements of basal area because of irregularly shaped or hollow boles (Nogueira et al. 2006) ; (ii) the values for tree height visually estimated 'by eye'; (iii) the allometric equation used to estimate tree biomass; (iv) the intra-specific variability leading to variation in wood density values; and (v) the variation in carbon content with regards to the species identity.
Past logging activities
Logging activity results in points of damage (Asner et al. 2002 (Asner et al. , 2006 , with high presence of bamboos, lianas and tree stumps. These patterns referred to as disturbance along this manuscript are unique to logging throughout the studied forest, and thereby they serve as the basis upon which our assessment for logging detection functions. We divided each plot into 20 subplots (3 × 5 m) to estimate the % area coverage with either bamboo, lianas or tree stumps. The overall disturbance per plot was then calculated as the mean of all the subplots. The average disturbance in the logged area was 57 ± 18% as result of both logging activity and natural disturbance (e.g. tree falling) whilst the non-logged area had only 15 ± 6% disturbance as consequence of natural events.
Topographic variation
Topographic level is referred to as the vertical distance between plot centre and stream water surface. The variable was calculated by measuring the shortest horizontal distance from the plot centre to the stream surface using a tape measure. The slope between two points was then measured by using a clinometer. van den Berg and Santos (2003) , working in a similar gallery forest in the same region, showed that this topographic level is a surrogate for soil water availability which decreases with the increase of this vertical distance. We did not include the plot slope considering the relative flat surface within plots. The average topographic level on stream plots was 1.0 ± 0.0 m, middle plots 6.0 ± 2.4 m and edge plots 11.0 + 2.6 m.
Soil data
We systematically collected for each plot three samples of superficial soil (0-10 cm). We carried out an extensive analysis including organic matter, chemical and textural soil properties. The choice of variables was based on previous studies conducted in other forests in Brazil, such as in Oliveira-Filho et al. (1994a, b) . The analyses were pH, organic matter (OrgM; %), phosphorus (P; g.Kg ), aluminium (Al; cmol.Kg −1 ), as well as percentages of clay and sand. The soil laboratory analysis followed procedures recommended by Claessen et al. (1997) . Soil pH was measured with a potentiometer in a 1:2.5 soil water suspension; P and K were extracted with Mehlich solution and measured in a photometer; Al was extracted with a 1N KCl solution and was titrated with NaOH 1N; organic matter was obtained from organic carbon (volumetric method) multiplied by the constant 1.724; textural properties were obtained by densimetric pipette method.
Forest dynamics
We calculated mortality (M) and recruitment (R) following Sheil and May (1996) and forest carbon productivity in carbon stocks (G) following Clark et al. (2001) , where changes in the population size were assumed to be constant during the evaluated time gap. Mortality was based on the initial number of trees and recruitment on the final number of individuals. Productivity was calculated considering the increment of both surviving and ingrowth trees. We slightly underestimate growth because our calculations do not include the growth of trees that died between one census and the next. 
where t is the time between the two surveys; N 0 and N t are the initial and final numbers of trees; N m and N r are the number of dead and recruited trees; C t is the initial and final carbon stocks; C r is the carbon stock of recruited trees in the second survey; and C g the carbon increment of the surviving individuals.
Data analysis
To understand the spatial variation along the river-edge direction and between logged and non-logged areas, we performed univariate analysis of variance (ANOVA) followed by Tukey's test to compare the carbon stocks, mortality, recruitment and growth. We considered statistically significant P values <0.05 for all the analyses. Where necessary, variables were log transformed to meet assumptions of ANOVA.
We performed principal component analysis (PCA) for soil properties using the function prcomp in R to investigate the importance of soil variables in the studied area. The principal components (PC) for the variables were obtained by the correlation matrix modelling in lieu of covariance matrix modelling, and then we used the unit variance scaling as in van den Berg et al. (2006) to avoid the effects of variables with high variance. The first two PC were used as a proxy for soil properties in order to reduce the number of soil variables.
We used SEM to test a conceptual model linking carbon stocks to various interrelated environmental variables, as well as dynamics rates to the same environmental variables combined with initial carbon stocks estimates. Central to the model is the relationship of each dynamics rates with the initial amount of carbon, disturbance, topographic level and the first two PC representing soil. Soil variables are intrinsically related to the edge-river direction in Gallery forests. Disturbance also can be another factor contributing to variation in soil properties. In addition to soil, the topographic level and disturbance can be potentially related to the initial carbon stocks, which is closely associated with tree density and quadratic mean stem diameter. SEM estimates all coefficients in the model simultaneously. Thus, one is able to assess the significance and strength of a particular relationship in the context of the complete model. Multicollinearity is a problem in multiple regressions and in SEM multicollinearity can be modeled and thus assessed. When using SEM, the relationships between predictor variables can be modeled. The influence of one predictor on another is held constant when estimating the predictor-dependent relationship. SEMs were implemented using the lavaan R package (Rosseel 2012 ). To normalize model residuals, initial and final carbon stocks, as well as dynamics rates were log-transformed prior to model fitting (Grace et al. 2010) , whilst disturbance, topographic level and soil were treated as numeric variables in the model (Zhang and Chen 2015) . Following the suggestions of Jucker et al. (2016) the fit of SEMs were based on chi-square test, P value (where P value >0.05 indicates that sample and observed covariance matrices are not statistically different) and the standardize root mean square residual (<0.10). Path coefficients were also calculated for individual pathways to evaluate the contribution of each predictor to patterns of each dynamics rate (Grace and Bollen 2005) .
RESULTS
Spatial partitioning of carbon stock and dynamics
Across the network of forest plots in the Gallery forest in Carrancas, carbon stocks increased 70% towards areas closer to the stream, ranging on average from 44.4 tons ha −1 in the forest edges to 75.3 tons ha −1 in areas by the stream (Table 1) . On the other hand, productivity, mortality and recruitment rates were not different when comparing forests situated on the edge, middle and streamside. There was no significant difference for carbon stocks between the logged and non-logged forests in the final survey, indicating that after 11 years of selective logging carbon stocks were not different. Although the area with selective logging did not show different carbon stocks after 11 years, the logged forest had higher carbon productivity ( Table 2 ). The logged forest had a carbon productivity rate of 4.1% year −1 , 51% more accelerated compared to the 2.7% year −1 found in non-logged areas. Mortality and recruitment were not significantly different between the logged and non-logged areas.
Environmental controls on carbon stock
The PCA performed to evaluate the importance of variables showed that the first axis explained 43% and the second axis of the PCA explained 26%. The extent to which soil properties contributed to the principal axis of variation is indicated by a loading (or weight) assigned to each variable (Table 3) . Sand was negatively correlated to the first PC whilst clay, aluminium and organic matter were positively correlated. Phosphorus was positively whilst K and pH were negatively correlated to the second PC (Fig. 2) . The topographic level was the main variable included in the SEM contributing directly to shaping patterns of carbon stocks (P = 0.001; Fig. 3 ). Disturbance also significantly contributed to influencing carbon stocks (P = 0.0430). The PC2, although associated to the topographic level (P < 0.001), did not contribute to carbon variation (P = 0.417). Likewise, PC1 did not contribute to forest carbon variation (P = 0.431). Soil, disturbance and topographic level together explained 42% of the variation in carbon stocks.
Environmental drivers of mortality, recruitment and carbon productivity
When using SEM to tease apart the influence of environmental variables and disturbance on mortality, recruitment The P value represents the probability of similarities among different conditions according to one-way ANOVA (F-test) followed by Tukey's test. a and b indicate significant effect at P < 0.05.
and carbon production, we modeled the initial carbon stocks, topographic level, disturbance, PC1 and PC2 as the variables directly influencing the dynamics rates. We also included disturbance and topographic level in the SEM model as the variables explaining the variation in the initial carbon stocks, as well as topographic level explaining PC1 and PC2 (Figs. 4-6 ). The carbon stocks measured in the first survey were strongly affected by disturbance (P = 0.004) and the topographic level (P < 0.001). Both variables together explained 43% of the initial carbon stocks variation. Topographic level explained 25% of the variability in PC2 (P < 0.001) and did not contribute to explaining the variation in PC1 (P = 0.708). Topographic level was the only variable affecting mortality rates (P = 0.049), with areas more distant from the river showing higher mortality (Fig. 4) . The initial carbon stocks did not contribute to shaping mortality (P = 0.073). Approximately 34% of the mortality could be explained by the variables included in the SEM.
On the other hand, recruitment of new trees was strongly driven by the initial amount of carbon stock in the area (P < 0.001), with higher carbon stocks related to lower recruitment of individuals in the area (Fig. 5) . As topographic level and disturbance were important variables shaping the initial carbon stocks, so both variables indirectly affected the recruitment rates. Our model including initial carbon stocks, topographic level, disturbance, PC1 and PC2 explained 39% of the recruitment variability.
Carbon productivity rates, similarly to recruitment rates, were also only explained by the initial carbon stocks, (P < 0.001; Fig. 6 ), which was indirectly affected by disturbance and topographic level. The model explained 42% of the productivity variability in the area.
DISCUSSION
Disturbance and topographic level, which relates to the distance from the water course and to the forest edges, explained ~40% of the carbon stock variation, and affected indirectly the carbon productivity and recruitment rates. The topographic level was also the only variable directly affecting the mortality rates throughout the studied area. SEM enabled us to tease apart the key drivers that directly and indirectly lead to variation in carbon stocks and dynamics. Although chemical and physical soil properties are known to play very crucial roles in the forest structure and dynamics of gallery forests, the soil component did not show any particular influence. We found that carbon productivity is governed by the initial aboveground carbon in the forest system, which is a result of The P value represents the probability of similarities among different conditions according to one-way ANOVA (F-test). The two first axis or components explained 70.3% of variation in the total data set. Al, organic matter, clay content was positively correlated with the primary axis of variation while sand was correlated negatively with it. The second axis was positively correlated with phosphorus and potassium, and negatively associated with pH. Other variables were less correlated with the first two components. the number of stems, tree basal area, tree height and wood density.
Disturbance effects of carbon stocks and dynamics
The logged and non-logged forests showed the same carbon stocks after 11 years but the carbon productivity between the two surveys in the logged forest was ~50% higher compared to the non-logged forest. Plots in logged forests had carbon stocks similar to non-logged forest probably as a result of high growth in these areas after logging. Silvicultural experiments in the Brazilian Amazon found that the growth stimulus caused by logging lasts 3 years, declining thereafter following canopy closure (Silva et al. 1995) . Similar results were found in plots with increasing logging intensity, in Costa Rica (Finegan and Fig. 2 ). Both soil components were expressed as a function of topographic level and the initial carbon stocks are function of disturbance and topographic level. Exogenous variables are represented by white boxes, whilst endogenous variables are shaded in gray. The width of the arrows reflects the strength of the pathway and is proportional to the standardized path coefficient (which is reported for each pathway). Black arrows denote positive relationships, whilst dashed arrows correspond to negative ones. Asterisks denote significance levels of the pathways in the model (*P < 0.05; **P < 0.01; ***P < 0.001). R 2 values are reported for each endogenous variable and model fit statistics are given in the bottom right-hand corner. Fig. 2 ). Both soil components were expressed as a function of topographic level and the initial carbon stocks are function of disturbance and topographic level. Exogenous variables are represented by white boxes, whilst endogenous variables are shaded in gray. The width of the arrows reflects the strength of the pathway and is proportional to the standardized path coefficient (which is reported for each pathway). Black arrows denote positive relationships, whilst dashed arrows correspond to negative ones. Asterisks denote significance levels of the pathways in the model (*P < 0.05; **P < 0.01; ***P < 0.001). R 2 values are reported for each endogenous variable and model fit statistics are given in the bottom right-hand corner.
Figure 6: structural equation model relating variation in carbon productivity as a function of initial carbon stocks, disturbance, topographic level, PC1 and PC2 obtained from the principal component analysis to reduce the number of soil variables (see Fig. 2 ). Both soil components were expressed as a function of topographic level and the initial carbon stocks are function of disturbance and topographic level. Exogenous variables are represented by white boxes, whilst endogenous variables are shaded in gray. The width of the arrows reflects the strength of the pathway and is proportional to the standardized path coefficient (which is reported for each pathway). Black arrows denote positive relationships, whilst dashed arrows correspond to negative ones. Asterisks denote significance levels of the pathways in the model (*P < 0.05; **P < 0.01; ***P < 0.001). R 2 values are reported for each endogenous variable and model fit statistics are given in the bottom right-hand corner. Fig. 2 ). Both soil components were expressed as a function of topographic level and disturbance. Exogenous variables are represented by white boxes, whilst endogenous variables are shaded in gray. The width of the arrows reflects the strength of the pathway and is proportional to the standardized path coefficient (which is reported for each pathway). Black arrows denote positive relationships, whilst dashed arrows correspond to negative ones. Asterisks denote significance levels of the pathways in the model (*P < 0.05; **P < 0.01; ***P < 0.001). R 2 values are reported for each endogenous variable and model fit statistics are given in the bottom right-hand corner.
Camacho 1999), Suriname (De Graaf et al. 1999) and Brazil . Although logging has several negative impacts on forest ecosystems and forest functions (e.g. forest degradation and associated fires; Nepstad et al. 1999) , it also creates conditions that stimulate the growth of the remaining trees, thus accelerating the growth of previously suppressed individuals . Similarly, growth rates also increase with increasing logging intensity (Finegan and Camacho 1999; Peña-Claros et al. 2008; Villegas et al. 2009 ).
When we considered disturbance as a continuous variable throughout all the plots we accounted for the effects caused by natural disturbance and logging. Although the logged forest did not show lower carbon stocks, disturbance affected initial carbon stocks in the first survey, indicating that both natural disturbances and anthropogenic are important drivers of carbon stocks in gallery forests. The disturbance did not affected directly recruitment and carbon productivity, but the initial carbon stocks contributed to shaping both dynamics variables. Disturbance may account for the increase in biomass (Chambers and Silver 2004; Guimarães et al. 2008 ) as a consequence of light exposure, one of the most important drivers for growth patterns in forests . Herault et al. (2011) suggests that dynamics rates must be more variable in human-impacted areas because of the more extensive light gradient experienced in these areas. Trees grow faster at higher light availability and this corroborates with the idea that light is effectively an important resource for woody species in natural forests, not only at the seedling and sapling life stage (Rüger et al. 2011) . Nonetheless, our hypothesis is that competition for light and nutrients affects the growth of all trees and prevented new trees to ingrowth in less disturbed areas as disturbance indirectly contributed to shaping productivity and recruitment rates. Coomes and Allen (2007a) found higher growth of surviving trees in response to the death of neighbors, which eventually compensates for the loss of large trees, supporting the idea of lessened competition as the reason of the higher growth found in more disturbed areas independent of the topographic level.
Topographic and soil variables
We found carbon stocks on streamside plots ~70% higher compared to edge plots. Our hypotheses for higher carbon stocks towards the water course are the association among high soil moisture, species composition and the distance to edge, that acts as a proxy for a multitude of different effects that have positive impacts on plant biomass, such as decrease in air temperature and less wind disturbance (Ewers and Banks-Leite 2013; Laurance et al. 2002) . High canopy openness values towards the edges are likely to be caused by the light penetration through the edges and leaf fall as response to seasonality (Matlack 1993) . This light penetration is certainly very important for the structure of gallery forests, as it favours the establishment of a group of species that would not be able to normally establish in other habitats, except for the gaps (van den Berg and Oliveira-Filho 1999; Coelho et al. 2016) . The forest edge plots did not have differences in mortality, recruitment and carbon productivity, which is contrary to the expected hypotheses on edges effects. Coelho et al. (2016) found that natural edges of gallery forests have invariable number of individuals and basal area between natural and anthropogenic edges, revealing that natural edges are also prone to resource limitation and stressful conditions (e.g. soil fertility, moisture and fire).
Because of some differences in slope and forest patch width, some plots on the middle and edge sections had high variance in topographic level values. The topographic level, thought as the vertical distance from the river, is probable to be highly correlated to the distance to the forest edge, although not measured during the surveys. Thus, we cannot tease apart the water course and edge effects on the forest structure and dynamics when using the variable topographic level. The topographic level was the main variable affecting mortality and carbon stocks, and indirectly affected recruitment and productivity rates. Areas closer to the water course also had higher carbon stocks in the first survey. As previously hypothesized about the competition in less disturbed areas, higher competition in areas closer to the water course also leads to lower carbon productivity and less ingrowth trees.
Soil properties covaried along the topographic level, however, edaphic conditions seem not to be affecting the forest structure and dynamics. Surprisingly, this result differs from other studies showing the importance of soil fertility and texture to shape the forest structure and dynamics of gallery forests. Soil variables are frequently associated with the topographic gradient and are frequently associated with species distribution in riparian forests in Cerrado (van den Berg and Oliveira-Filho 1999), as well as the spatial variation of dynamics (Rodrigues et al. 2000) . The main variables covarying along with topographic level in the studied area were phosphorus, potassium and the soil pH. Phosphorus is considered an important and limiting nutrient for plant growth (Davidson et al. 2004; Wardle et al. 2004) and Phillips et al. (2004) also found higher mortality and recruitment in soils with high levels of phosphorus. Whilst variation in soil fertility appears to be important to determine variation in the growth rates of some species, the soil fertility role in controlling growth patterns at stand-level is smaller than the role of water availability (Davies 2001; Baker et al. 2003) .
According to Baldeck et al. (2013) , although the soil and topographic variables covary, neither the effect of soil nor the effect of topography was entirely nested within the other, indicating that both soil resources and topography have important and independent effects on community structure in a wide variety of tropical forest communities. We argue that disturbance, as well as the strong edge and soil moisture effects may have disrupted the relationship between the forest dynamics and soil properties. Vieira et al. (2004) found no relationship between growth rates and soils in Amazonian rain forests, and suggested that disturbance may have overruled more subtle environmental differences, as disturbances initiate the forest growth cycle through the creation of canopy gaps. Other hypotheses to explain the less pronounced effects of soil is that our soil properties gradients were not long enough to pick up the growth stimulating effect. Furthermore, the SEM modelling was able to disentangle the covariance between soil properties and topography, effects that could not be torn apart in other studies in gallery forests.
Other environmental conditions and processes not mentioned here can also be affecting forest growth and spatial dynamics. Possible candidates are different functional responses of species (Chazdon et al. 2010) , below-ground competition (Coomes and Allen 2007b) , soil biota (Mangan et al. 2010) , year-to-year variation in cloud cover or temperature (Clark and Clark 1992; Clark et al. 2007) , the identity of neighbors (Uriarte et al. 2004 ) and genetic variability within species (Clark et al. 2007 ).
CONCLUSION
The logged forest had 50% higher productivity than the nonlogged forest and the streamside forest had 70% more aboveground carbon stocks compared to the forest edge. Both logging and natural disturbances drove variation in carbon stocks which contributed to shaping productivity and recruitment rates. Distance from the river also drove mortality and carbon stock rates. Areas with high-carbon stocks favoured higher competition and lessened carbon productivity and recruitment of new trees. Although soil fertility and texture are considered crucial components shaping forest dynamics, we found no clear influence of these components on the dynamics of the studied gallery forest, probably as result of the strong effects of soil moisture, forest edge and disturbance disrupting the correlation between chemical and physical properties of the soil and forest dynamics. The models used to predict carbon stocks, mortality, recruitment and productivity included topographic level, disturbance and soil properties but remained with high unexplained variance revealing the high complexity of the various factors driving the structure and dynamics of gallery forests.
